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(54) Cylindrical magnetron shield structure 

(57) A method of fomriing cylindrical end shields for 
use in a sputtering apparatus comprised of a rotating 
cylindrical magnetron within a vacuum chamber includ- 
ing therein at least one rotatable target structure having 
an outer cylindricaiiy-shaped surface of sputtering ma- . 
terial and held at opposite ends thereof by first and sec- 
ond support structures, a magnet assembly within said 
target structure that provides a magnetic field zone, and 
first and second cylindrical end shields canied at oppo- 
site ends of said target structure by said support struc- 
tures, said first shield having an inner edge closest to 
said second shield and said second shield havirig an 



Inner edge closest to said first shield, said Inner edges 
positioned adjacent to said magnetic field zone, com- 
prising the steps of: 

(a) operating said rotating cylindrical magnetron 
such that said magnetic field zone Is provided; 

(b) measuring said magnetifc field zone such that a 
magnetic field pattern is obtained; and 

(c) shaping said shields at said inner edges to con- 
form substantially to the isomagnetic lines of said 
magnetic field pattern. 
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Description 

Background of the Invention 

[0001] This invention relates generaliy to magnetrons 
of a type using rotating cylindrical sputtering targets, 
and. more specifically, to structures and techniques for 
rninimizing arcing in such magnetrons. 
[0002] Cylindrical magnetrons are becoming widely 
used for depositing films on substrates. An example is 
the deposition of a stack'of dielectric and mental layers 
on a surface of a glass substrate for the purpose of fil- 
tering out a portion of solar energy from passing through 
the glass. Such a substrate is positioned within a vacu- 
unri chamber containing at least one, and usually two, 
rotating cylindrical targets containing sputtering material 
on an outer surface thereof. Both Inert and reactive gas- 
es are generally introduced into the chamber. A voltage 
applied to the sputtering target, with respect to either 
the vacuum chamber enclosure or a separate anode, 
creates a plasma that is localized along a sputtering 
zone of the target by stationary magnets positioned . 
within the target. Material is sputtered off the target sur- 
face and onto the substrate by bombarding the target 
with electrons and ions of the plasma as it passes 
through the stationary sputtering zone. 
[0003] The magnets are usually of a permanent mag- 
net type, arranged along a line within the rotating cylin- 
drical target and held against rotation with the target 
The sputtering zone is created by the magnets along 
substantially the entire length of the cylindrical sputter- 
ing target and extends only a small circumferential (ra- 
dial) distance around it. Traditionally, the magnets are 
arranged so that the sputtering zone exists at the bottom 
of the cylindrical target, facing a substrate being coated 
directly beneath, 

[0004] Although deposition of the film Is desired to 
take place only on the substrate, It is also deposited on 
other surfaces within the reactive chamber. This can 
create a problem In many situations, especially when 
certain dielectrics are being deposited as the filrn. For 
example, if the target surface is silicon or aluminum and 
the reactive gas is oxygen, silicon dioxide is deposited 
on the target surface, surfaces of target supporting 
structures, and the like, as well as on the substrate that 
is Intended to be coated. After a certain build-up of die- 
lectric material on Intemal vacuum chamber surfaces 
has occuned over time, arcing to those surfaces can be- 
gin. Arcing is undesirable since it generates particles 
that cdntaminate the film being deposited on the sub- 
strate, and overioads the power supply that creates the 
plasma through an electrical connection with the sput- 
tering target surface and the vacuum chamber walls or 
some other anode. 

[0005] An advantage of a rotating cylindrical sputter- 
ing target is that such a film deposited on the target is 
subjected . to being sputtered away as the target surface 
passes through the sputtering zone, thus counteracting 



the undesirable film build-up. Despite this self-cleaning 
characteristic, however, undesirable arcing still occurs, 
in rotary magnetrons under certain circumstances. 
[0006] Recently, a cyliridrical magnetron shield struc- 

s ture has been developed to minimize this undesirable 
arcing that occurs in rotary cylindrical magnetrons. See 
Kirs. Milan R., et at. "Cylindrical Magnetron Shield 
Structure," U.S. Patent No. 5,108.574. As shown In Kirs 
et at, the deposition of dielectric film can be minimized 

io by dari< space shielding, which prevents plasma forma- 
tion In the dari< space and thereby reduces film deposi- 
tion and subsequent arcing. 

[0007] Although the shield structure of Kirs et at 
greatly enhances the self-cleaning characteristic of ro- 

15 tary cylindrical magnetrons, some deposition of conden- 
sate has been found to occur at the far ends of the target 
cylinder. Unlike the deposition of dielectric films that 
concerned Kirs et at, this deposition of condensate from 
the.vapor present in the system occurs regardless of the 

20 existence of plasma. Thus, the problem of condensate 
deposition is not fully resolved by the use of dark space 
shielding. 

[0008] Because even slight deposition of dielectric or 
insulating materials can lead to undesirable arcing, it is 
25 a principal object of the present invention to provide a 
' mechanism and technique for further minimizing such 
deposition and related arcing. 

Summary of the Invention 

30 

[0009] This and additional objects are accomplished 
by the present invention, wherem, brieifly and generally, 
a shaped cylindrical shield structure Is provided around 
and spaced apart from at least a portion of the sputtering 

35 target outside of said sputtering zone. By careful exam- 
ination of the shape of the magnetic field zone and the 
distribution of the condensate at the ends of the tube, 
the shape of the cylindrical shield structure Is designed 
to conform to the contours of the magnetic field zone, 

^ thereby maximizirig sputter etching of the tube ends 
while minimizing deposition of condensate. In a pre- 
ferred form, the shield structure consists of separate cy- 
lindrical end shields positioned at opposite ends of the 
target structure and shaped at their respective Inner 

45 edges adjacent to the magnetic field zone to conform to 
the outer contours of the "race-track" pattern of the mag- 
netic field zone. The shield structure may also consist 
of a unified shield wherein these shaped cylindrical end 
shields are connected at the portions their respective 

50 inner edges lying outside the magnetic field zone by a 
cylindrically shaped structure, leaving a window open- 
ing in the shield structure adjacent to the magnetic field 
zone so that the target surface is bombarded by elec- 
trons and ions of the plasma as it is rotated through the 

55 sputtering zone. The cylindrical shield structure does 
not rotate with the cylindrical target. In systems that pro- 
vide for the sputtering zone to be circumferentially po- 
sitionable'around the target by rotation of its magnets, 
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the cylindrical shield structure is also made rotatable so 
^at its Window may follow the sputtering zone to its new 
position. 

[0010] Such a shield structure has been found to be 
beneficial In three primary respects. First, it has been s. 
found that the self-cleaning attribute of a rotating sput- 
tering target generally does not extend to the far ends 
of the target cylinder since the sputtering zone control- 
. ted by the magnets within the cylinder does not extend 
completely to Its ends. An abrupt termination of the per- 
manent magnets within the target cylinder creates some 
discontinuities In the sputtering zone at the ends of the - 
cylinder, and thus in the character of the plasma itself. 
Since the self-cleaning attribute of a rotating target does 
not fully extend to the ends of the target cylinder, the « 
shield structure of the present invention extends com- 
pletely around the sputtering cylinder at its ends and, 
further, may be extended to cover portions of rotating 
target support structures adjacent to its ends which are 
partlculariy susceptible to undesirable film build-up be- 20 
cause of their proximity to the sputtering surface and 
plasnna. 

[0011] Additionally, it has been found that much lii<e 
planar magnetrons, rotary cylindrical magnetrons etch 
the sputtering surface in a "race-track" pattern, while 25 
causing a buildup of arc-causing condensate film at the 
ends of the target cylinder in a pattem that conforms to . 
the shape of the "race-track." Since this undesirable 
condensate film conforms to the "race-track" shape of 
the magnetic field zone, the shield structure of the 30 
present invention Is simllariy shaped to conform to the 
contours of the magnetic field zone, thereby shielding 
those areas at the ends of the target cylinder that would 
otherwise be exposed to condensate film build-up and 
subsequent arcing. ,35 
[001 2] A third beneficial aspect of the shield structure 
comes from covering a central portion of the length of 
the sputtering target cylinder, despite the self-cleaning 
attribute of a rotating magnetron mentioned above. It 
has been found that there are circumstances where an 40 
undeslred dielectric or other film deposited on portions 
of the target outside of the sputtering zone are not com- 
pletely removed when those surface portions again 
pass through the sputtering zone. Further, there are cir- 
cumstances where it has been found desirable to be 45 
able to cover a portion of tiie cylindrical target surface 
during co-sputtering; that is, In a situation where two ro- 
tating cylindrical target structures are adjacent one an- 
other and material from at least one of them is being 
sputtered onto the surface of another before being re- so 
sputtered onto a substrate. Such co-sputtering tech- 
niques are described In U.S. Patent Application Serial 
No. 07/549,392, filed July 6, 1990, now abandoned, . 
which Is Incorporated herein by this reference. It Is the 
ability to cover a portion of the target during such co- §5 
sputtering that is provided by the present Invention; 
[001 3] Additional objects, features and advantages of 
the present ia>£entipn \yiil become apparent from the fol- 



lowing description of a prefen-ed embodiment thereof, 
which description should be taken In conjunction vWth 
the accompanying drawings. 

Brief Description of the Drawlrigs 

[0014] 

Figure 1 schematically illustrates a dual cylindrical 
' sputtering target magnetron that utilizes the Im- 
provement of the present invention; 
Figure 2 shows In isometric view a portion of one of 
the target assemblies of Figure 1, Including the Im- 
provement of the present invention; 
Figure 3 shows in isometric view a portjoh of one of 
the target assemblies of Figure 1, Including the* im- 
provement of the present Invention; 
Figure 4 is a cross-section of a target assembly tak- 
en at Section 4-4 of Figure 2; 
Figure 5 Is a partial section view of a preferred sup- 
. port assembly for a rotating target assembly of tine 
types illustrated In Figures 1-5; and 
Figure 6 shows In isometric view a "race-track" pat- 
tern of etching and a conforming pattern of conden- 
• sation at the end portions of a cylindrical sputtering 
target assembly of Figure 1 that are used in design- 
ing the Iniprovement of the present Invention. 

Description of a Preferred Embodiment 

[0015] . Referring initially to Figure 1, an entire magn- 
etron system utilizing the present Invention Is generally 
described before the details of tiie invention's prefen-ed 
implementation are explained. A box 11, shown in dot- 
ted outiine, indicates metallic walls of a vacuum cham- 
ber jn which the sputtering occurs. Within that chamber 
are two rotatable cylindricai target structures 13 and 15 
which are held by tine frame 11 in a manner to be rotat- 
able about their longitudinal axes. The target structures 
13 and 15 are generally held with tiieir axes parallel to 
one another, but that Is not a requirement. Further, al- 
though two target structures are illustrated in Figure 1, 
many applications need only employ one such target, 
and other applications can benefit by having more than . 
two. However, the use of two target structures 13 and . 
15 is common. 

[001 6] The magnetixsn of Figure 1 is shown to have a 
su bstrate 1 7 held by a support structure 1 9. The support 
structure 19 may be rollers to allow the substrate 17 to 
be passed through the vacuum chamber in a continuous 
process. A vacuum is drawn within the vacuum chamber 
by an appropriate pumping system 21 . One or more gas- 
es are provided by a supply 23 to the vacuum chamber 
. by some convenient delivery system, such as a perfo- 
rated tube 25 positioned across the vacuum cifamber. 
The particular ^ases utilized depend primarily upon tiie 
film desired to be deposited on the substrate 17. 
/ [0017] Cylindrical pieces 27 and ,29 of sputtering ma- 
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terial provided as part of the target structures 1 3 and 1 5, . 
respectively, are generally made of the same material 
but can be of different materials, depending upon the 
nature of the film to be deposited on the substrate 17. 
An electric motor source 31 , positioned outside the vac- 
uum chamber, rotates the target assemblies by rotating, 
through a toothed belt 33. pulleys 35 and 37 which are 
attached to respective spindles 39 and 4i. The sputter- 
ing materials 27 and 29 are attached to the respective 
spindles 39 and 41 in order to rotate with them. io 
[001 8] A plasma Is created vinthin the vacuum cham- 
ber by applying a negative voltage from a power supply 
40 to the sputtering surfaces with respect to the vacuum 
chamber metal frame 11 or some other anode, which is 
usually connected to ground potential. The plasma is is 
positioned adjacent a sputtering zone of the cylindrical 
sputtering targets 27 and 29, controlled by the position-: 
Jng of their respective magnets (not shown In Figure 1 ). 
These magnets are positioned along the length of their 
respective cylindrical sputtering targets 27 and 29. while 20 
extending a small circumferential, or radial, distance 
therearound. These magnets are most conveniently 
held within the sputtering targets 27 and 29 by attach- 
ment to respective coolant conduits 43 and 45, These 
cooling conduits are provided as part of their respective 25 
target assemblies in a manner to be rotatable independr 
ently of rotation of their respective cylindrical sputtering 
targets 27 and 29. 

[0019] Thus, the position of the magnets in each tar-^ 
get assembly, and thus the position of the sputtering 30 
zone of each, Is controlled by rotation of these cooling 
conduits. Specifically, a puljey 47 is attached to the con- 
duit 43 and driven from an electrical motor source 49 
outside the vacuum chamber by a toothed belt 51 . Sim- . 
Ilariy, a pulley 53 is attached to the coolant conduit 45 35 
and is controlled as to rotatable position by an electrical 
motor source 55 positioned outside the vacuum cham- 
ber and connected with it by a toothed belt 57. The motor 
sources 49 and 55 are preferably stepper motors which 
thereby hold ftieir respective conduits 43 and 45 In se- 40 
lected positions and l<eep them from rotating with their 
respective sputtering targets 27 and 29. ■ 
[0020] A cooling liquid supply and exhaust system 
(not shown) outside the vacuum chamber provides cool- 
ant Into the center of each of the conduits 43 and 45, as 45 
Indicated by an arrow 61 , and exhausts the heated cool- 
ant from a space between the outside of the conduits 
and an Interior surface of the spindles, as indicated by 
an arrow 63. An electrical and electronic control system 
69 operates to control the power supply 40 and various so 
parameters of the magnetron system being shown, In- 
cluding motors 31, 49 and 55. 
[0021] The Improvement of the present invention is 
Implemented in the system of Figure 1 by providing cy^ 
lindrlcally-shaped shield structures 67 and 69, or block- ss 
ing means, around and spaced from each of the cylin- 
drical target surfaces 27 and 29, respectively. Addition- 
ally, the cylinders extend in length beyond the end pf the 
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sputtering material in order to cover exposed surfaces 
pf adjacent spindles and their supporting structures. 
Window openings 72 and 74, adjacent to respective 
shield structures 67 and 69, are large enough to expose 
the sputtering zone. These areas do not extend the full 
length of the cylindrical shield structures. 67 and 69, 
however, leaving covered completely around their cir- 
cumferences the respective sputtering surfaces 27 and 
29 for a distance immediately adjacent the opposite 
ends of the sputtering material cylinder.. 
[0022] If the sputtering zone defining magnets inside 
the target assemblies are held fixed, the shield struc- 
tures 67 and 69 are then most easily held with their win- 
dows in a fixed position. However, If the magnets are 
made to be rotatable, as described in the embodiment 
of Figure 1, such as Is useful In the co-sputtering appli- 
cation previously mentioned, it is desirable to be able to 
controllably rotate the shield structures 67 and 69 so that 
their respective openings 72 and 74 follow the moving 
sputtering zone. The extent of shield structure rotation, 
is made to be at least as great as the extent of magnet 
rotation. This allows the radial extent of the openings 72 
and 74 to be Kept small and thus maximize the coverage 
of the sputtering surface outside th sputtering zone. On 
the other hand, it is possible to make the radial extent 
of the openings 72 and 74 very large, thus allowing a. 
limited rotation of the magnets without having to rotate 
the shield structures. But maximum flexibility of opera- 
tion is permitted, of course, when rotation of the shield 
structures 67 and 69 is provided over three-hundred-six- 
ty degrees about the respective longitudinal axes of the 
cylindricaliy-shaped sputtering surfaces 27 and 29. 
[0023] In orderto accomplish such rotation, the shield 
structure 67 Is provided with a pulley 71 around its cir- 
cumference near one end, and the shield stnjcture 69 
Is similarly provided with a pulley 73. An electrical motor 
source 75 rotates the shield structure 67 through a. 
toothed belt 79, and a motor sourjce77rotates the shield 
69 through a toothed belt 81 . The motor sources 75 and 
77 are preferably stepper motors and are also confrolled 
by connection with the control system 59. 
[0024] Additional details of the target assemblies 
shown in Figure 1 are apparent from the views of Rg- 
ures 2 and 4 of the target assembly 1 5. Elongated mag^ 
nets 85. 87 and 89, of alternate polarity, are carried with- 
in the sputtering material cylinder 29 by a support struc- 
ture 91 that Is attached to the coolant tube 45. in this 
magnetic assembly, the sputtering tube 29 and the 
shield structure 69 are independently rotatable about a 
longitudinal axis 93 by respective motor sources 55. 31 
and 77. 

[0025] It will be noted from Figure 4 that a space exists 
between an outside surface of the target cylinder 29 and 
an inside surface of the cyiindricaily-shaped shield tube 
69. Both these surfaces are, In.cross-section. concentric 
circles that are separated by a distance that is signift- 
cantiy less than one inch, preferably less than substan- 
flally ©ne-quarter jnc?h. A small separation is required In 
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order to avoid plasma from forming in the space be- 
tween these two elements. 

[0026] According to the present invention, shield 
structure 69 of Figure 2 Is shaped at portions of Its Inner 
edges 70 that are adjacent to window openings 72 and 
74 to conform to the contours of the magnetic field zone. 
The shape of the shield structure 69 Is shown in Figure 
2. while the method of designing the shape of the shield 
structure is fully described below In relation to Figure 6. 
The contoured shape of the shield structure 69 at inner 
edges 70 maximizes the self-cleaning characteristic of 
rotary cylindrical magnetrons according to a "race-track" 
pattern of etching, while minimizing the formation of con- 
densate at the end portions of a cylindrical sputtering 
target assembly, A most important aspect of the inven- 
tion is the shaping of the shield structure to minimize 
undesirable condensation of materials vaporized during 
the sputtering process, particuiariy dielectrics, and 
thereby reduce the often catastrophic arcing that ror. 
suits. 

[0027] An alternative embodiment of the present in- 
vention is shown in Figure 3. Similar to the embodiment 
illustrated in Figure 2 comprised of shield structure 69, 
this altemative embodiment includes separate shield 
structures 69A and 69B positioned around and spaced 
from the target surface 29. Shield structures 69A and 
69B are positioned at opposite ends of the target as- 
sembly 15 and are provided with pulleys 73A and 73B 
around their respective circumferences to be Independ- 
ently rotatable. According to the present invention, 
shield structures 69A and 698 are shaped at portions of 
their respecth^e inner edges 70A and 708 that are adja- 
cent to the opening 29 to conform to the contours of the 
magnetic field zone. It will be understood that the mag- 
netron system, the magnetic assembly, the Independent 
rotation, the supporting stmcture, and the shaping fea- 
tures of the invention described herein are adapted to 
be equally aippllcable in the embodiment shown in Fig- 
ure 3. 

[0028] Refem'ng to Figure 6, a specific supporting 
structure for a target assembly Is given. A cylindrical 
sputtering surface 95 is canned through end spindles 97 
and 99 In a manner to be rotatable about a longitudinal 
axis 101. A magnetic structure 103 is positioned within 
the target cylinder 95. As part of target supporting struc- 
tures, plates 1 05 and 107 are provided at opposite erids 
of the target assembly. These end plates carry respec- 
tive annular grooves 109 and 111 into which a cylindri- 
cally-shaped shield structure 113 Is inserted at Its ends. 
The shield structure 1 1 3 is then easily rotatable by a mo- 
tor source connected to a pulley 115. 
[0029] This support an-angement for the shield struc- 
ture 113 also has an advantage of covering portions of 
the end plates 105 and 107 that are immediately adja- 
cent ends of the sputtering target cylinder 95. These 
supporting structure surfaces are particularly suscepti- 
ble to deposition of undesirable films on them, because 
of theiir proximity to the plasma sputtering zone, so are 



very useful for this purpose. Additionally, as previously 
mentioned, end portions 117 and 119 are clrcumferen- 
tially continuous around the shield structure and extend 
far enough along its length to cover respective end por- 

5 tions of the sputtering target 95 where the self-cleaning 
action of a rotating target acts as effectively as it does 
In more central portions of the targef s length. A window 
121 is provided, however, In the shield 113 to expose at 
least the sputtering zone. The shield structure 113 Is 

10 preferably made of a materia! that itself has a tow sput- 
tering yield, such as stainless steel. 
[0030] Prior to this Invention, the design of cylindrical 
magnetron shield stmctures was based on the obsen/a- 
tion of the target structures after they had undergone 

15 sputter etching in a rotary cylindrical magnetron in which 
the target structures were rotated. Because the target 
structures were rotated, the sputtering surface was ob- 
served as a uniformly etched surface with a band of de- 
posited material at the ends of the target structure. . 

20 Based on this observation, rotary cylindrical magnetro- 
ns were thought to avoid the problem of "race-track" 
etching of the sputtering surtace, as observed in planar 
magnetrons with a fixed sputtering zone. See Kirs, Milan 
R., et aL, "Cylindrical Magnetron Shield Structrure," U. 

25 s. Patent No. 5,108,574. Consequently, shield struc- 
tures for such rotary cylindrical magnetrons were de- 
signed witli rectangulariy-shaped inner edges adjacent 
to the sputtering zone to shield the area at the ends of 
the target structure con^spondlng to the observed con- 

30 densatidn band. 

[0031] It has been discovered, however, that the sput- 
tering surfaces of rotary cylindrical magnetrons are inr 
deed etched in a well-defined "race-track" pattern, caus- 
ing condensate bulld-up In a conforming pattern at the 

35 ends of the target structure. Refening to Figure 6, a cy- 
lindrical sputtering target 131 Is shown after it has un- 
dergone sputter etching In a rotary cylindrical magnet- 
ron in which the target structures are held immobile. A 
"race-track" pattern on the sputtering surface bounded 

40 by boundary 1 39 Indicates the area of the target surface 
lying between the region of maximum magnetic field 
strength 135 and t)oundary 139 that has been etched 
during the sputter etching process. Areas 143, 145, 147, 
and 149 on the sputtering surfrace, which conform to 

45 the "racertrack" etch pattern, Indicate the pattern of con- 
densation at the end portions of the sputtering target. 
Such condensation occurs at positions on the sputtering 
surtace where the rate of condensation exceeds the rate 
at which deposited condensate Is removed by sputter- 
so ing. 

[0032] When a sputtering target exposed to conden- 
sation is further examined, there Is evidence of signifi- 
cant damage to the target structure attributable to cata- 
strophic arcing. Additionally, an examination of the coat- 
65 ed substrate reveals similar evidence of damage to the 
coating attributable to arcing. By contrast, when a sput- 
tering target Is shielded from condensation using the 
shaped shield s.tructures.of.tb.epr@isentlnventlon,,ardng 
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Is minimized and dagmage to the target structure and 
the substrate coating is significantly reduced. 
[0033] In a prefenred method of designing the cylindri- 
cally-shaped shield stnjcture of the present invention, 
magnetic paper is positioned on the target surface dur- § 
Ing operation of the rotating cylindrical magnetron. Mag- 
netic paper is commercially available from a number of 
sources, Including Edmund Scientific Company of New 
Jersey. During operation, the magnetic paper is marked 
by Isomagnetic lines indicating the configuration of the to 
magnetic field zone. The shield structure Is then shaped 
at its inner edges adjacent to the magnetic field zone to 
conform to the contours of the magnetic field zone, as 
Indicated by the Isomagnetic lines. In a prefen'ed form, 
the resulting design tal<es the fomn of a curved, notched is 
shape at the Inner edges of the shield structure, as II- . 
lustrated in Figures 2 and 3. 

[0034] Alternatively, the cylindrlcally-shaped shield 
structure is designed according to the patterns of. con- 
densation and etching that are observable on the target 20 
structure after the rotary cylindrical magnetron has been 
operated with the target structure held stationary. Re- 
ferring to Figures 2, 3 and 6, the inner edges 70 in Figure 
2 and 70A and 70B in Figure 3 of the shield structure 
are designed in a curved, notched shape that" follows the 25 
contours of the areas of condensation 143, 145, 147 and 
149 in Figure 6 appearing on the target surface. Simi- 
Jariy. the Inner edges may be designed In a curved, 
notched shape that follows the contours of the "race- 
tracl^" etch pattern 1 39 in Figure 6 as it appears at the 30 
ends of the target structure. 

[0035] Once shaped, the inner edges of the shield 
structure are positioned at an optimum distance from the 
magnetic field zone so that condensation and subse- 
quent arcing are minimized at the ends of the target with- 35 
out disturbing the plasma. In a prefen-ed method of de- 
signing the shield structure, the shield structure of the 
present Invention Is positioned on the target ends, a 
fixed distance from the magnetic field zone. During op- 
eration, arcing activity is monitored using a strip chart 40 
recorder that is connected to power supply 40 of Figure 
1. The recorder is used to record any reduction in volt- 
age that occurs over tinie in response to arcing activity, 
with fewer voltage drops indicating less arcing activity 
In the magnetron system. This sequence Is repeated 45 
with the shaped inner edges of the shield structure po- 
sitioned at various distances from the magnetic field 
zone, until the optimum distance from the magnetic field 
zone is determined. In a prefen'ed form, the shield struc- 
ture is extended lengthwise toward the magnetic field so 
zone such that the inner edges of the shield and the 
magnetic field zone are separated by this optimum dis- 
tance. 

[0036] The shield structure of the present Invention 
provides for maximum self-cleaning in the sputtering ss 
zone and minimum condensation beyond the sputtering 
zone and thereby reduces arcing activity in a rotary cy- 
lindrical nriagnetron. Although ^the present Ihye^ntlbn has 



been described with respect to a preferred embodiment 
thereof, it will be understood that the invention is entitled 
to protection within the full scope of the appended 
claims. 



Claims 

1 . A method of fomning cylindrical end shields for iise 
in a sputtering apparatus comprised of a rotating cy- 
lindrical magnetron within a vacuum chamber in- 
cluding therein at least one rotatable target struc- 
ture having an outer cylindrically-shaped surface of 
sputtering material and held at opposite ends there- 
of by first and second support structures, a magnet 
assembly within said target structure that provides 
a magnetic field zone, and first and second cylindri- 
cal end shields carried at opposite ends of said tar- 
get structure by said support structures, said first 
shield having an Inner edge closest to said second 
shield and said secpnd shield having an inner edge 
closest to said first shield, said Inner edges posi- 
tioned adjacent to said magnetic field zone, com- 
prising the steps of: 

(a) operating said rotating cylindrical magnet- 
ron such that said magnetic field zone is pro- 
vided; 

(b) nieasuring said magnetifc field zone such 
that a magnetic field pattern is obtained; and 

(c) shaping said shields at said inner edges to 
conform substantially to the isomagnetic lines 
of said magnetic field pattern. 

2. A method of fonning cylindrical end shields for use 
In a sputtering apparatus comprised of a rotating cy- 
lindrical magnetron within a vacuum chamber in- 
cluding therein at least one rotatable target struc- 
ture having an outer cylindrically-shaped surface of 

- sputtering material and held at opposite ends there- . 
of by first and second support structures, a magnet 
assembly within said target structure that provides 
a magnetic field zone, and first and second cylindri- 
cal end shields carried at opposite ends of said tar- 
get structure by said support structures, said first 
shield having an inner edge closest to said second 
shield and said second shield having an inner edge 
closest to said first shield, said inner edges adjacent 
to said magnetic field zone, comprising the steps of: 

(a) operating said rotating cylindrical magnet- 
ron such that said magnetic field zone is pro- 
vided and said target structure is immobile: 

(b) detemiining positions on said Immobilized 
target structure v\^ere condensation of material 
vaporized during said sputtering operation has 
occurred; and 

(c) shaping said shields at said inner edges to 
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conform substantially to a pattern of said posi- 
tions determined in step (b).. 

The method of any one of claims 1 and 2, addition- 
ally comprising the step of optimizing the distance s 
between said shields and said magnetic field zone 
by placing said shaped shields on said opposite 
ends of a cylindrical sputtering structure, operating 
said rotating cylindrical magnetron, recording arc- 
ing activity using recording means, and adjusting 1Q 
said distance to minimize said arcing activity. 

The method of any one of claims 1 and 2, addition- 
ally comprising the step of optimizing the distance 
between said shields and said magnetic field zone is 
by placing said shaped shields on said opposite - 
ends of a cylindrical sputtering structure, operating 
said rotating cylindrical magnetron, recording volt- 
age within the vacuum chamber of the sputtering 
apparatus using recording means, and adjusting 20 
said distance to minimize variations in voltage ad- 
jacent to said magnetic field zone. 

A method of any one of claims 1 and 2, additionally 
comprising the step of connecting said end shields 25 
at portions of said inner edges which are not adja- 
cent to said magnetic field zone by a cylindrically- 
shaped structure extending around the portion of 
the circumference of a cylindrical sputtering struc- 
ture that Is substantially outside said magnetic field 30 
zonetofomn a unified shield, said unified shield hav- 
ing an opening at least as large as said magnetic 
field zone and extending around the portion of the 
circumference of said cylindrical sputtering struc- 
ture that Is substantially Inside said magnetic field 35 
zone and having a length less than a distance be- 
tween opposite ends of said cylindrical sputtering 
structure, 

A method of any one of claims 1 and 2, additionally 40 
comprising the steps of: 

(a) optimizing the distance between said 
shields and said magnetic field zone by placing 
said shaped shields on said opposite ends of a 45 
cylindrical sputtering structure, operating said 
rotating cylindrical magnetron such that said 
magnetic field zone is provided, recording arc- 
ing activity using recording means, and adjust- 
ing said distance to minimize said arcing activ- so 
Ity: and 

(b) connecting said end shields at portions of 
said inner edges which are not adjacent to said 
magnetic field zone by a cylindrically-shaped 
structure extending around the portion of the S5 
circumference of said cylindrical sputtering 
stnjcture that Is substantially outside said mag- 
netic field zone to fomi a unified shield, said uni- 



fied shield having an opening at least as large 
as said magnetic field zone and extending 
around the portion of the circumference of said 
. cylindrical sputtering structure that is substan- 
tially inside said magnetic field zone and having 
a length less than a distance between opposite 
ends of said cylindrical sputtering structure. 

7. A method of any one of claims 1 and 2, additionally 
comprising the steps of: 

(a) optimizing the distance between said 

shields and said magnetic field zone by placing 
said shaped shields on said opposite ends of a 
cylindrical sputtering structure, operating said 
rotating cylindrical magnetron such that, said 
magnetic field zone is provided, recording volt- 
age within the vacuum chamber of the sputter- 
ing apparatus using recording means, and ad- 
justing said distance to minimize variations in 
voltage adjacent to said magnetic field zone; 
and 

(b) connecting said end shields at portions of 
said inner edges which are. not adjacent to said 
magnetic field zone by a cylindrically-shaped 
structure extending around the portion of the 
circumference of said cylindrical sputtering 
structure th;at Is substantially outside said mag- 
netic field zone to fonm a unified shield, said uni- 
fied shield having an opening at least as large 
as said magnetic field zone and extending 
around the portion of *the circumference of said 
cylindrical sputtering structure that is substan- 
tially inside said magnetic field zone and having 
a length less than a distance between opposite 
ends of said cylindrical sputtering structure. 

8. A method of sputter etching a cylindrical sputtering 
structure using a sputtering apparatus comprised of 
a rotating cylindrical magnetron within a vacuum 
chamber Including therein at least one rotatable tar- 
get structure having an outer cylindrically-shaped 
surface of sputtering material and held at opposite 
ends thereof by first and second support structures, 
a magnet assembly within said target structure that 
provides a magnetic field zone, comprising the 
steps of: 

(a) operating said rotating cylindrical magnet- 
ron such that said magnetic field is provided; 
and 

(b) blocking opposite ends of said target struc- 
ture where condensation of vaporized material 
fomns using blocking means, said blocking 
means shaped to confomi to the shape of said 
condensation areas. 

9. A method of sputter etching a cylindrical sputtering 
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structure accor<ding to claim 8, wherein said bloclc- 
ing means extends around the portion of the circum- 
ference of said cyiindricai sputtering structure that 
Is sut)stantiaily outside said magnetic fieid zone. 
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